Periodic assembly and dispersal of continental fragments has been a characteristic of the solid Earth for much of its history. Geodynamic drivers of this cyclic activity are inferred to be either top-down processes related to near surface lithospheric stresses at plate boundaries or bottom-up processes related to mantle convection and, in particular, mantle plumes, or some combination of the two. Analysis of the geological history of Rodinian crustal blocks suggests that internal rifting and breakup of the supercontinent were linked to the initiation of subduction and development of accretionary orogens around its periphery. Thus, breakup was a top-down instigated process. The locus of convergence was initially around northeastern and northern Laurentia in the early Neoproterozoic before extending to outboard of Amazonia and Africa, including Avalonia-Cadomia, and arcs outboard of Siberia and eastern to northern Baltica in the mid-Neoproterozoic (∼760 Ma). The duration of subduction around the periphery of Rodinia coincides with the interval of lithospheric extension within the supercontinent, including the opening of the protoPacific at ca. 760 Ma and the commencement of rifting in east Laurentia. Final development of passive margin successions around Laurentia, Baltica and Siberia was not completed until the late Neoproterozoic to early Paleozoic (ca. 570-530 Ma), which corresponds with the termination of convergent plate interactions that gave rise to Gondwana and the consequent relocation of subduction zones to the periphery of this supercontinent. The temporal link between external subduction and internal extension suggests that breakup was initiated by a top-down process driven by accretionary tectonics along the periphery of the supercontinent. Plume-related magmatism may be present at specific times and in specific places during breakup but is not the prime driving force. Comparison of the Rodinia record of continental assembly and dispersal with that for Nuna, Gondwana and Pangea suggests grouping into two supercycles in which Nuna and Gondwana underwent only partial or no break-up phase prior to their incorporation into Rodinia and Pangea respectively. It was only after this final phase of assembly that the supercontinents then underwent full dispersal.
Introduction
Profound influences on the evolution of Earth's crust, atmosphere, hydrosphere and life have been exerted since the late Archean by repeated cycles of supercontinent amalgamation and dispersal (Nance et al., 2014; Worsley et al., 1986) . Key to evaluating these influences is the understanding of the relative timing uated for the Earth since the break-up of Pangea beginning in the early Mesozoic (Nance et al., 2014) . A related issue centres on the mechanisms for supercontinent break-up: is this primarily driven by extensional stresses resulting from the development of encircling and retreating subduction zones ("top-down") or from the generation of mantle plumes and hot spots within the supercontinent ("bottom-up")? Most recent work, based on the break-up of Pangea (Buiter and Torsvik, 2014; Keppie, 2015a Keppie, , 2015b ) and the results of numerical modelling (Bott, 1992; Heron et al., 2015; Lowman and Jarvis, 1995) , favours the view that the development of subduction zones around a supercontinent is a pre-requisite for break-up. The development of encircling subduction zones shuts off the mantle region in the centre of the supercontinent from subduction, often leading to rising hot mantle, which may then facilitate break-up, although development of plumes and hot spots is not a pre-requisite (Condie, 2005) .
Analysis of the pre-Pangea parts of Earth history is limited to a qualitative analysis derived from the rock record generated in orogenic belts and resultant interpretations of plate boundary evolution and interactions. Thus, accurately deciphering the geological records of orogenic belts is key to determining global paleogeography in deep time, unravelling links between periods of continental assembly and dispersal (supercontinent cycle) with major changes in the Earth's surficial environments (e.g., oceans, atmosphere, biosphere), and determining links to deep Earth processes, including evaluating the roles of top-down versus bottom-up tectonic processes (Murphy and Nance, 2003; Murphy et al., 2009 . Increasing availability of precise age, geochemical and isotopic data has enabled a detailed understanding of the individual records within, and global correlations between, orogens. The aim of this paper is to demonstrate how collisional orogenic systems associated with the assembly of Rodinia at c. 1.0-0.9 Ga were followed by global plate adjustments that led to the development of accretionary orogens around a significant part of the supercontinent. Furthermore, these accretionary orogenic processes were coeval with multistage rifting events in the interior of the supercontinent, leading to its eventual break-up during Cryogenian and Ediacaran to early Cambrian times. This linked history between the interior and exterior of the supercontinent, together with the lack of widespread development of plumes and hot spots during break-up, suggests a dominance of top-down tectonic processes, similar to the current generally accepted model for the break-up of Pangea.
Lithotectonic record of supercontinent assembly and breakup
Orogenic belts record a long history of sediment accumulation, commonly in association with igneous activity, across a variety of plate margins (divergent, convergent, strike-slip) and intraplate settings, prior to stabilisation through one or more short pulses of tectonothermal activity (orogenesis). The position of stabilisation with respect to a plate boundary type enables division of orogens into collisional, accretionary and intracontinental Murphy and Nance, 1991) . Collisional orogens form through collision of continental lithospheric fragments and occupy interior locations within the assembled continental mass. Accretionary orogens form at sites of continuing oceanic plate subduction and occupy exterior (or peripheral) locations with respect to continental fragments. Intracratonic orogens lie within a continent, away from an active plate margin with orogenic activity inferred to be driven by transmission of far-field stresses from a plate-margin.
From the end of the Mesoproterozoic to the beginning of the Neoproterozoic, collisional suturing of continental fragments including Australia-Antarctica and Amazonia onto a keystone assemblage of Laurentia, Baltica and Siberia resulted in the formation of the supercontinent of Rodinia (Hoffman, 1991; Li et al., 2008 ). The subsequent development of passive margin assemblages around all or parts of Laurentia, Baltica and Siberia indicates that the supercontinent had broken apart by the beginning of the Paleozoic (e.g., Bond et al., 1984) . These two events of supercontinent assembly and dispersal bookend a complex Neoproterozoic geological record of evolving plate boundaries. Fig. 1 is a time-space plot covering the time interval from final assembly of Rodinia until its breakup (ca. 1000-500 Ma). Our analysis of this record focuses on the evolution of Laurentia but incorporates data from Baltica, Siberia and peri-Gondwanan terranes outboard of South America and West Africa (e.g., Avalonia-Cadomia).
Collisional assembly of Rodinia
Final assembly of Rodinia is best documented for the east Laurentia-southwest Baltica margin (present day coordinates used throughout) where a long lived, late Paleoproterozoic to Mesoproterozoic convergent plate margin ( Fig. 2A; e.g., Condie, 2013; Pisarevsky and Bylund, 2010; Zhao et al., 2002) was terminated through suturing of a continental block, generally considered to be Amazonia ( Fig. 2B ; Dalziel, 1997; Hoffman, 1991; Park, 1992) . Orogenesis commenced as early as 1.4 Ga in northeast Laurentia (e.g., Dickin et al., 2010) , peaking at 1.08 to 0.98 Ga here and in Baltica and Amazonia ( Fig. 1 ; Grenville-Sveconorwegian- Table 1 provides a list of Euler poles used for the reconstructions). Numbers 1-10 refer to columns in Fig. 1 . New age dates for paleopoles (Evans et al., 2016) along with geological data Sunsas orogeny), followed by exhumation and cooling continuing to around 0.92 Ma (Bingen et al., 2008; Gower and Krogh, 2002; Hynes and Rivers, 2010; Tohver et al., 2004) . These sites of collisional suturing occupied interior locations within Rodinia and were isolated from subsequent tectonic activity until the final stage of Rodinia breakup in the Ediacaran.
Evidence for development of exterior accretionary orogens
End Mesoproterozoic collisional orogenesis in part overlaps with the establishment of the Valhalla accretionary orogen (1025-730 Ma) along the northeast margin of Laurentia (Figs. 1, 2; Cawood et al., 2010) . The geological history of this orogen is fragmentary due to Phanerozoic tectonic disruption but its record is preserved in isolated blocks in Scotland, east Greenland, Svalbard and Norway. The orogen is characterised by end Mesoproterozoic to mid-Neoproterozoic pulses of siliciclastic sedimentation and magmatic activity (1025-980 Ma and 920-870 Ma) punctuated by tectonothermal events associated with subduction and crustal thickening at 980-920 Ma and 840-730 Ma (Cawood et al., 2010, 2015) . Detrital zircon provenance record of the siliciclastic successions indicates derivation from Laurentia and the calc-alkaline geochemistry of the magmatic activity suggests initiation of plate convergence outboard of northeast Laurentia around 1000 Ma. Petrological studies in Scotland indicate mediumpressure Barrovian-style metamorphism at c. 950 Ma in a regime of moderate crustal thickening (Cutts et al., 2009 .
Initiation of the Valhalla Orogen corresponds with 95 • clockwise rotation of Baltica with respect to Laurentia, which on paleomagnetic constraints occurred after 1265 Ma, and likely after 1122 Ma, but before 990 Ma (Cawood et al., 2010) . This rotation resulted in the opening of the Asgard Sea between northeast Laurentia (outboard of Greenland) and northern Baltica. The stabilised Valhalla succession is overlain by mixed siliciclastic, carbonate and volcanic rock units (e.g., Dalradian and Eleonore Bay supergroups) with an inferred age for the base of the succession of around 760 Ma (Prave et al., 2009) . In northern Norway, the mid-to late Neoproterozoic record of the Kalak Nappe complex of the Valhalla Orogen records younger deformational and magmatic events including syn-deformational magmatism at 710 Ma and 670 Ma, and magmatic activity at 600 Ma, 570-560 Ma and 530-520 Ma (Kirkland et al., 2008) . The 600 Ma and younger events probably reflect rift-related magmatism associated with Rodinia breakup.
Fragmentary Neoproterozoic successions occur in a number of continental blocks bordering the Arctic Ocean, including northern Alaska (Brooks Range and Seward Peninsula), Chukotka and the New Siberian Islands, and have been variously referred to as Arctida and the Arctic Alaska-Chukotka terrane (Amato et al., 2014; Metelkin et al., 2015; Miller et al., 2011) . The main lithologies are felsic igneous rocks that have been dated at 970 Ma, 870 Ma, 750-740 Ma, 700-640 Ma and 570-540 Ma ( Fig. 1 ; Amato et al., 2014) . The tectonic affinities of the older magmatism are uncertain but the younger two phases have been related to arc and riftrelated activity, respectively. Malone et al. (2014, and references therein) extend the Valhalla accretionary orogen northwards to incorporate units bordering the Arctic Ocean. They note the presence of 980-960 Ma orthogneiss, which was a source of detritus for younger Neoproterozoic strata, and 710-635 Ma detritus likely derived from the Timanian arcs and related units. They argue that a convergent plate margin lay outboard of the passive margin of northeast to northern Laurentia and northern Baltica for much of the Neoproterozoic with the continental blocks lying on the upper plate.
Around the margins of Siberia are a series of isolated structural blocks dominated by Neoproterozoic igneous and metamorphic assemblages. These include the Yenisei Ridge on the western margin of Siberia (Figs. 1, 2), the Dariv-Shishkhid-Gargan zone in southwest Siberia, and the Baikal-Muya zone of southern Siberia (Gladkochub et al., 2006; Kröner et al., 2015; Likhanov et al., 2015b; Sovetov et al., 2007; Vernikovsky and Vernikovskaya, 2006) . These blocks record a series of accretionary and collisional events that developed outboard of the Siberian craton and have been correlated with the Valhalla Orogen (Likhanov et al., 2015a (Likhanov et al., , 2015b , as exemplified along the Yenisei Ridge where convergent plate margin activity commenced around 900 Ma and provide a record of tectonothermal events ( Fig. 1 ; Gladkochub et al., 2006) .
The Neoproterozoic history of the east and northeast portion of Baltica consists of an inboard rift and passive margin siliciclasticcarbonate succession that ranges in age from late Mesoproterozoic to Ediacaran and an outboard clastic succession interstratified with 700-550 Ma calc-alkaline basalt to rhyodacitic volcanic rocks, which, together with their intrusive equivalents, are interpreted to represent a supra-subduction zone assemblage (Kuznetsov et al., 2015 (Kuznetsov et al., , 2010 . Ocean closure led to ultimate collisional emplacement of the outboard upper plate arc system onto the passive margin to form the pre-Uralides-Timanide orogen around 540 Ma (Kuznetsov et al., 2015) .
Cadomia and Avalonia ( Fig. 1 ) consist of mid-to late Neoproterozoic (Fig. 1, 760 -570 Ma) volcanic and volcaniclastic rock units and their intrusive equivalents, which display supra-subduction zone geochemical affinities , and references therein). Their main arc phase (630-570 Ma) developed along the periphery of northern South America and West Africa (Fig. 2) . Subduction terminated diachronously between ∼600 Ma and ∼550 Ma and the tectonic setting changed to rift and transpressional-related environments prior to establishment of a stable platform around 530 Ma. East Africa includes a series of supra-subduction arc terranes that were active from at least 870 Ma to 630 Ma, with further localised subduction-related magmatic activity extending back to ca. 955 Ma (Fritz et al., 2013 , and references therein; Robinson et al., 2015) .
Record of Rodinia breakup
The breakout of Laurentia from the core of Rodinia was associated with the development of extension-related rift and passive margin successions around its margins and those of conjugate continental blocks (e.g. eastern Australia, cratonic blocks of western South America) and Baltica and Siberia (Bond et al., 1984) . We interpret this protracted rifting history to be linked kinematically with subduction along the periphery of the supercontinent. Lithostratigraphic relations in West Laurentia (Figs. 1, 2) indicate a protracted history of rifting (Yonkee et al., 2014) possibly involving two stages of continental breakup (Colpron et al., 2002; Prave, 1999) . The first occurred in the mid-Neoproterozoic, around 750 Ma, based on the record in the Windermere Supergroup in the northern Cordillera, which unconformably overlies an intracontinental basinal succession (Ross, 1991; Strauss et al., 2015) . The inferred conjugate margin, preserved in the Adelaidian succession of East Australia, records a similar history related to the opening of the proto-Pacific (Cawood, 2005 , and references therein). A second break-up event, recorded in the strata of the southeastern Canadian Cordillera and Death Valley, occurred around 570 Ma and represents final opening of the proto-Pacific (although the specific block that broke away at this time is unknown) and development of a passive margin succession along the entire western margin of Laurentia (Yonkee et al., 2014) .
The east Laurentian margin records a protracted history of Neoproterozoic rift-related sedimentation and magmatism commencing around 760 Ma (Fig. 1) . In northeast Laurentia, these deposits include the Dalradian and Eleonore Bay supergroups and their correlatives (Anderton, 1982 (Anderton, , 1985 Prave et al., 2009; Sonderholm et al., 2008; Soper, 1994) , and are characterised by siliciclasticdominated strata that occurred initially in a series of (half) grabens unconformably onlapping basement highs (Anderton, 1985; Banks et al., 2007; Smith et al., 1999) of the stabilised Valhalla Orogen. Further south in the Appalachians, the early record of extension is restricted and best developed in the vicinity of the Blue Ridge with mid-Neoproterozoic (760-680 Ma) sedimentation and associated igneous units resting unconformably on Mesoproterozoic rocks of the Grenville Orogen (Aleinikoff et al., 1995; Novak and Rankin, 2004) . During the late Neoproterozoic, sedimentation patterns indicate renewed pulses of basin deepening related to lithospheric extension locally interstratified with and intruded by mafic and silicic extension-related magmatic activity (Anderton, 1985; Cawood et al., 2007a Cawood et al., , 2007b Chew et al., 2010; Volkert et al., 2015) . Rift-related magmatic activity occurred largely in the range 620-570 Ma but includes bodies as young as 550 Ma in the northeastern segment of the east Laurentian margin and 520 Ma in the southeastern segment (Cawood et al., 2001; Thomas, 2011) . The final break-up history of the East Laurentian margin from the conjugate western Baltica and Amazonian margins was long and complex based on constraints from the ages of the youngest rift-related magmatism, the change from rift to passive margin sedimentation, and from paleomagnetic data. Opening of the northern Iapetus Ocean associated with the separation of Baltica occurred in the 590-570 Ma timeframe (Abdelmalak et al., 2015; Bingen et al., 1998; Cawood et al., 2001; Pisarevsky et al., 2008a) . Separation of opposing continental blocks is inferred to have occurred around 570-550 Ma but final development of the East Laurentian passive margin did not take place until the early Cambrian at around 530 Ma (Cawood et al., 2001) . Along the southeastern margin of Laurentia, a further pulse of rifting associated with the separation of microcontinental ribbons (e.g., Precordillera, Chilenia) occurred around 530-520 Ma (Astini, 1998; Thomas, 2011; Thomas and Astini, 1996) .
The timing of breakup on the northern margin of Laurentia is less well constrained but probably occurred around 570 Ma based on mapping in the Canadian Arctic (Dewing et al., 2004; Lane and Gehrels, 2014) . Lithotectonic relations indicate that a carbonate-dominated passive margin was well established by the Early Cambrian and overlies a thick sequence of late Neoproterozoic rift related clastic rocks.
Recent dating, provenance and paleomagnetic studies from the southern margin of Siberia suggest rifting to form the Paleo-Asian ocean commenced after 760 Ma, probably at about 720 Ma, which correlates with the Franklin igneous event in northern Laurentia Gladkochub et al., 2013; Pisarevsky et al., 2013) . The eastern and northern Siberian margins consist of Mesoproterozoic sedimentary rocks inferred to have accumulated in passive margin settings (Pisarevsky et al., 2008b) unconformably overlain by Ediacaran strata. Detrital zircons with ages spanning 790-590 Ma occur in the Ediacaran succession and are thought to be derived from the Central Taimyr accretionary belt (Khudoley et al., 2015) .
Discussion

Linking processes of supercontinent assembly and dispersal in space and time
The near synchroneity of changes in lithotectonic assemblages related to phases of lithospheric compression and extension within and around Rodinia (Fig. 3) suggests a history controlled by linked plate kinematic interactions. Final collisional suturing at the end Mesoproterozoic corresponds with the initiation of subduction in northeast and northern Laurentia (Cawood et al., 2015; Malone et al., 2014) and possibly East Africa (Fritz et al., 2013) . The subsequent early Neoproterozoic subduction record around the Rodinia margin is fragmentary, in part reflecting poor preservation due to reworking during subsequent orogenic events. Nonetheless, the available data indicate widespread subduction around the margins of Rodinia throughout the Neoproterozoic but with the record of subduction activity within the Mirovoi Ocean propagating from areas such as the Valhalla orogen and its continuations in the early Neoproterozoic to incorporate Avalonia, Cadomia, Siberia, the preUrals and Timanides in the mid-Neoproterozoic around 760 Ma.
The duration of subduction around the margins of Rodinia precisely spans the time interval for the lithospheric extension within the supercontinent that led to its breakup. A major phase of rifting related to lithospheric extension commenced at around 760 Ma. But final development of passive margin successions around Laurentia, Baltica and Siberia was not completed until the end of the Neoproterozoic to early Paleozoic in the timeframe 570-530 Ma. This latter timeframe corresponds with the termination of convergent plate interaction in many regions (Fig. 1) . Fig. 3 . Summary of timing events associated with continental collision and convergent and divergent plate margin activities related to assembly and dispersal of Rodinia and subsequent assembly of Gondwana. Abbreviations: Mesoprot -Mesoproterozoic; Gond -Gondwana; Laur -Laurentia; Sib -Siberia.
Breakup of Rodinia through a combination of internal lithospheric extension and external convergence led to closure of the surrounding Mozambique Ocean and the assembly of continental fragments within Gondwana (Collins and Pisarevsky, 2005) . As collisional suturing of the Gondwana fragments (not shown in Fig. 2 but see Murphy et al., 2004; Nance et al., 2008) occurred, subduction zones between the converging continents were replaced by subduction zones around its periphery i.e. in the Mirovoi Ocean (Murphy and Nance, 1991) . The terminal stages of Gondwana assembly occurred between ca. 570 Ma and 530 Ma, and were coeval with opening of Iapetus and the initiation of subduction in the proto-Pacific, as exemplified by the accretionary Terra Australis Orogen ( Fig. 3 ; Cawood, 2005; Cawood and Buchan, 2007) .
Top-down vs. bottom-up tectonics and the supercontinent cycle
The correlation of periods of lithospheric extension and compression within and around the margins of a supercontinent respectively has implications for geodynamic processes. In particular, it has the potential to provide insights into the relative roles of lithospheric plate interactions (top-down) versus mantle plume influenced (bottom-up) processes in controlling periods of continental aggregation and dispersal (Gurnis, 1988; .
A key tenet of plate tectonic theory is that the Earth's rigid lithospheric plates are in a state of constant dynamic adjustment such that changes in Euler pole locations must be accommodated across plate boundaries through changes in rate and direction of movement. The periodic assembly of continental fragments into supercontinents leads to the widespread termination of convergent plate boundaries over a relatively short time interval at sites of collisional suturing. This termination is accommodated by an adjustment in the nature of remaining plate boundaries such as increasing rates of subduction at convergent plate boundaries, decreasing rates of spreading at divergent boundaries, or the initiation of new sites of convergence. Changes in spreading rate are difficult to evaluate on the pre-Mesozoic Earth due to the absence of oceanic crust older than Jurassic and changes in rates of convergence are difficult to quantify in preserved orogenic records. However, the initiation of lithospheric subduction along the margins of Rodinia (and subsequently Gondwana and Pangea) suggests that this is the principal method of accommodating the changing global plate kinematic framework in response to continental suturing (i.e. transfer of convergence from between the converging continents during collisional suturing to the periphery of the supercontinent). The subsequent temporal link between subduction of dense oceanic lithosphere around the margins of the supercontinent and internal lithospheric extension leading to breakup is consistent with the concept that subduction places the overriding supercontinent in extension. This is turn implies that final breakup of the supercontinent Rodinia was subduction-driven, i.e. a topdown process.
Magmatic activity associated with Rodinia break-up has been related to the impingement of a plume or superplume beneath the supercontinent (Li et al., 2003; Nosova et al., 2011; Puffer, 2002) . The 780 Ma Gunbarrel magmatic event and the 720 Ma Franklin Large Igneous Province (LIP) are present in northwestern Laurentia and related to mantle plumes (Ernst et al., 2013 . The former event has been related to magmatic activity associated with rifting during opening of the proto-Pacific (Harlan et al., 2003) , although recently Li et al. (2013) have argued that breakup did not commence until after 720 Ma. One or both of these events may be temporally equivalent to phases of rifting along the Laurentian margin but their links to geodynamic drivers associated with Rodinia breakup are less clear given the general uncertainty in the rift history of the margins (Colpron et al., 2002; Lane and Gehrels, 2014; Lane et al., 2016; Prave, 1999) .
Late Neoproterozoic (Ediacaran) magmatic activity spanning the range 630-550 Ma along the East Laurentian margin has also been linked to a plume source based on the similarities to ocean island basalts (Puffer, 2002) . However, Fettes et al. (2011) argue that the geochemistry of plumes is non-unique and an enriched mantle source does not necessitate a plume origin. They show that the rift-related basalts in Ireland and Scotland resulted from normal and enriched mid-ocean ridge basalt sources, with some contamination with continental crust for younger samples. Critically, there is no evidence that magmatism at the Scottish promontory (the nexus of Laurentia-Baltica-Amazonia) resulted from a mantle plume. Nor is there any evidence for uplift here or elsewhere along the margin above a plume head. Indeed the converse is the case with units such at the 600 Ma Tayvallich Volcanic rocks (Halliday et al., 1989) in Scotland extruded during a phase of rapid basin subsidence associated with lithospheric extension (Anderton, 1985) . Furthermore, the magmatic activity occurs in a linear belt for over 4000 km from the US Appalachians to the Greenland and Scandinavian Caledonides that is parallel to the axis of Iapetus Ocean opening. In combination, the linear extent of the magmatic activity, the lack of evidence for syn-magmatic uplift, and its geochemical character are consistent with adiabatic melting of a variable mantle source associated with lithospheric extension (cf. Abdelmalak et al., 2015; Fettes et al., 2011) . Any plume-related magmatic activity associated with the opening of the Iapetus Ocean is probably minor and localised within a long linear belt of rift-related melting. The Neoproterozoic record of Rodinia is consistent with a topdown, rather than a bottom-up driven process in which subduction along its margins drove lithospheric extension within its interior leading to breakup and passive margin development. Top-down driven breakup of Rodinia is consistent with the model of extroversion Nance, 2005, 2013) in which breakup of Rodinia occurs over a geoid high and continents are dispersed towards a geoid low.
Application to other supercontinent cycles
As with Rodinia, the period of Gondwana assembly corresponds with initiation of subduction along the east Gondwana margin in the late Neoproterozoic around 580 Ma (Cawood and Buchan, 2007) . But in marked contrast to Rodinia, subduction did not result in contemporaneous extension and breakup of the overriding plate until closure of the interior Iapetus and Rheic oceans and consequent collisional assembly of Laurussia and Gondwana in the Mesozoic to form Pangea. For Gondwana, subduction was largely limited to one (eastern) margin, analogous to present day South America, whereas Pangea was largely surrounded by subduction zones and experienced extension and ultimate 5) . This is similar to the model proposed by Bott (1982) , that continental splitting is driven by the suction force acting on the overriding plate when subduction roll-back occurs on opposite sides of a large continental mass. He cited the breakup of Pangea as an example of this process. Our analysis suggests that such a model is also applicable to Rodinia breakup with subduction extending from its southern (Cadomian) to northwestern (Siberia) margins in a kinematically linked series of arc systems (Fig. 2D) . On the basis of finite element modelling, Bott (1992) subsequently argued that a mantle plume could not provide sufficient horizontal tension to drive lithospheric extension but that the suction force (= roll-back) of subduction around the margins of a supercontinent, either alone or in combination with a plume, could drive splitting. Recent numerical modelling continues to emphasise the role of marginal subduction driving lithospheric extension of a supercontinent with plume-related activity, if present, playing a subordinate role and in part controlled by the marginal subduction zones (Heron et al., 2015) .
Evaluating geodynamic drivers in pre-Rodinian supercontinents is hindered by decreasing resolution in paleogeographic reconstructions. Thus, a variety of models have been proposed for the disposition of continental fragments around the margin of Nuna (Amazonia, India, Australia) (Evans and Mitchell, 2011; Johansson, 2009; Zhang et al., 2012; Zhao et al., 2002) . But there is general agreement that the core components of the supercontinent -Laurentia, Baltica and Siberia -remained together in the transition into Rodinia (Pisarevsky et al., 2014, and references therein) . Indeed a long lived convergent plate margin occurred along the east Laurentia and south Baltica margins from around 1.8 Ga until termination through end Mesoproterozoic Grenville-SveconorwegianSunsas collisional orogenesis (Åhall and Connelly, 1998; Cawood et al., 2007b; Gower, 1990; Karlstrom et al., 2001; Zhao et al., 2002) . The maintenance of Nuna's cratonic core during protracted convergent plate interaction along its margin is analogous to Gondwana and the subduction record of the accretionary Terra Australis Orogen along its proto-Pacific margin (Cawood, 2005; Cawood et al., 2009 ). In both cases it was only after further continental accretion and the conversion of Nuna to Rodinia and Gondwana to Pangea, along with the development of inward-dipping subduction zones around the margins of the supercontinent that lithospheric tension was sufficient to drive breakup. Thus, the assembly and dispersal of continental blocks through the Proterozoic and Phanerozoic can be grouped into two supercycles (Fig. 4) . The first involves assembly of most, but not all (Pisarevsky et al., 2014) , of the major Archean cratons in the Paleoproterozoic to form Nuna, followed by partial dispersal of marginal cratons, before reassembly into Rodinia in the late Mesoproterozoic. The second supercycle involved the aggregation, at the end of the Neoproterozoic, of some of the continental blocks derived from Rodinia breakup (the socalled southern continents) to form Gondwana, followed by the further addition of Laurussia at the end of the Paleozoic to form Pangea, with its dispersal commencing in the mid-Mesozoic.
Conclusions
Our synthesis of the geological record preserved in peri-Rodinia orogens provides insights into the geodynamic controls on supercontinent breakup and the relative importance of subductionrelated (top down) versus plume-related (bottom-up) tectonic processes. Collisional assembly of Rodinia at c. 1.1-1.0 Ga following the Grenville-Sveconorwegian orogeny led to initiation of subduction and development of accretionary orogens around the periphery of the supercontinent. Subduction occurred throughout the Neoproterozoic, its earliest record (∼1000-950 Ma) being preserved in north-eastern and northern Laurentia and possibly East Africa, with younger subduction zones (post ∼760 Ma) developing outboard of Amazonia and West Africa, producing AvaloniaCadomia, and arcs outboard of Siberia and western to northern Baltica. The duration of subduction around the periphery of Rodinia coincided with the interval of lithospheric extension within the supercontinent, including a major phase commencing at around 760 Ma attributed to the opening of the proto-Pacific and the commencement of rifting in east Laurentia. Final development of passive margin successions around Laurentia, Baltica and Siberia was not completed until the end of the Neoproterozoic to early Paleozoic (ca. 570-530 Ma), which corresponds with the termination of convergent plate interaction in many regions and the migration of subduction zones to the periphery of Rodinia. The temporal link between external subduction with internal extension suggests that breakup of Rodinia was a top-down process driven by accretionary processes along the periphery of the supercontinent. Magmatism was synchronous with rifting during breakup. Although some pulses of this magmatic activity have a mantle plume signature, most of the magmatism is probably due to extension-related decompression melting and plume-related magmatism was not a major driver of breakup. Our conclusions mirror those proposed by other workers studying the break-up of Pangea, suggesting that the main mechanisms for supercontinent break-up have remained unchanged for the last 1.0 Ga. Numerical models of continental breakup imply that widespread peripheral subduction is the primary control on, and is necessary for, supercontinent break-up; formation of plumes often accompanies breakup, but this is not a pre-requisite (Figs. 4 and 5 ). This interpretation is substantiated not only by the geological record of the Earth's most recent supercontinent of Pangea (Buiter and Torsvik, 2014; Keppie, 2015a Keppie, , 2015b but also by that of Rodinia. Furthermore, comparison of the Rodinia record of continental assembly and dispersal with that for Nuna, Gondwana and Pangea suggests grouping into two supercycles. Supercycle I is represented by Nuna and Gondwana and involves some but not all available continental blocks, which then underwent partial (Nuna) or no break-up (Gondwana), prior to their incorporation into Rodinia and Pangea (Supercycle II). It was only at the end of this second supercycle that the supercontinents underwent complete dispersal.
